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Activity Material Outline Electronics I and II 

1). PN Diode I/V curves 
 a). Rectifier / half-wave / full-Wave/ Bridge 
 b). Limiter / clamp / AC coupling DC restoration  
 c). Variable attenuator  
 d). Absolute value circuit 
 e). Voltage boosting / Doubler / Tripler 

2). BJT as a diode, MOS as a diode 

3). Device I/V curves, BJT and MOS 
 a). Common Emitter IC vs. VCE, Common Source ID vs. VDS 
 b). Common Base IC vs. VCB, Common Gate ID vs. VDG, 

4). Common emitter amplifier, Common source amplifier 

5). BJT Current Mirror, MOS Current Mirror 

6). BJT Zero gain amplifier, MOS Zero gain amplifier 

7). BJT Stabilized current source, MOS Stabilized current source 

8). Regulated Voltage Reference 

9). Shunt regulator 

10). BJT Emitter follower, MOS source follower 

11). BJT Differential Pair, MOS Differential Pair 

12). Output Stages 

13). Making a full Amplifier from these parts. 

14). Analog to Digital and Digital to Analog Conversion 

15). DC-DC Converters I ( inductors ) 

16). DC-DC Converters II ( capacitors ) 

17). Delta – Sigma Modulator 

18). CMOS Analog Switches 

19). Switched Capacitor circuits 

20). CMOS Amplifier (with auto zero) 

21). CMOS LC Oscillator 

22). Optocouplers ( analog isolation amplifier ) 

23). Phase locked loops 
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0. General background Information. 

The assumption is made that the student has some familiarity with the Analog Discovery Lab hardware 
and Waveforms software system before starting these activities. It is also assumed that for the data 
presented here, the measurement data waveforms from the lab hardware were saved to disk and 
manipulated and plotted in Microsoft Excel.  

First, here are a few words about components that might be suitable for use in these lab experiments. 
The NPN transistors used were general purpose 2SC1815 and the 2SA1015 PNP complement or 
similar type devices such as the 2N3904 NPN and 2N3906 PNP devices which are also considered 
comparable complements of each other. A supply of various diodes, resistors, capacitors and inductors 
should also be available. Another potential source of transistors for use in these lab exercises are 
transistor arrays such as the LM3045 / LM3046 / LM3086 NPN Arrays from National Semiconductor. 
Similar NPN arrays from Intersil are, CA3045 / CA3046 / CA3083. Arrays of two or four 2N2222, 
2N3904, 2N3906 and other types are available from some manufacturers like Fairchild and ON 
Semiconductor. A readily available enhancement mode NMOS transistor is the 2N7000. Advanced 
Linear Devices Inc. offers dual and quad N and P channel MOS arrays (ALD1106 and ALD1107) as 
well. The CD4007C CMOS logic package consists of three complementary pairs of N and P-channel 
enhancement mode MOS transistors. The N and P type pairs share either a common gate or common 
drain terminal which limits their use as six individual devices but these devices can still be useful for 
Lab experiments. 

Remember, not all transistors share the same terminal designations, or pinouts, even if they share the 
same physical appearance. The order of some types is CBE (base is center lead) and BCE (collector is 
center lead) for others. This is very important when you connect the transistors together and to other 
components. Be careful to check the manufacturer's specifications (component datasheet). These can 
be easily found on various websites. Double-checking pin identities with your multi-meter's "diode 
check" function is highly recommended. 

1.0 Extra stuff: 

Learning to mathematically analyze circuits requires much study and practice. Typically, students 
practice by working through lots of sample problems and checking their answers against those provided 
by the textbook or the instructor. While this is good, there is a much better way. You will learn much 
more by actually building and analyzing real circuits, letting your test equipment provide the "answers" 
instead of a book or another person. For successful circuit-building exercises, follow these steps: 

1. Carefully measure and record all component values prior to circuit construction, choosing resistor 
values high enough to make damage to any active components unlikely. 

2. Draw the schematic diagram for the circuit to be analyzed. Or perhaps print out the schematics 
shown in these lab activities. 

3. Carefully build this circuit on your breadboard. 

4. Before applying power to your circuit check the accuracy of the circuit's construction, following each 
wire to each connection point, and verifying these elements one-by-one on the diagram. 

5. Mathematically analyze the circuit, solving for all voltage and current values. 

6. Carefully measure all voltages and currents, to verify the accuracy of your analysis. 

7. If there are any substantial errors (greater than a few percent), carefully check your circuit's 
construction against the diagram, then carefully re-calculate the values and re-measure. 

One way you can save time and reduce the possibility of error is to begin with a very simple circuit and 
incrementally add components to increase its complexity after each analysis, rather than building a 
whole new circuit for each practice activity. Another time-saving technique is to re-use the same 
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components in a variety of different circuit configurations. This way, you won't have to measure any 
component's value more than once. 

Note about diodes and bandgap conventions: The common convention is that a typical silicon BJT 
base–emitter diode drop, Vbe, is 0.65V and a standard general purpose silicon diode drop is 0.6V. Other 
conventions use 0.6V or 0.7V for one or both. These are highly dependent on the manufacturing 
process used and the physical size of the components. The results you measure in the laboratory will 
most likely be between these values. Diodes and BJTs implemented on the same integrated circuit (i.e., 
on the same silicon die) may have equivalent characteristics. That is, the diodes and transistors will be 
more closely matched. Matched components are convenient to use in many circuit designs. We use 
discrete elements in most of these activities, and so it is not possible to match components unless they 
are all fabricated on the same silicon die. In the laboratory, a diode-connected transistor, with its base 
shorted to its collector may match the base–emitter characteristics of another transistor of the same 
type better than a simple diode. 

Diode drops are strongly temperature dependent. Room-temperature transistors have base–emitter 
drops around 0.65V, but as the temperature of the transistors increases, Vbe drops near 0.5V. So 
temperature matching is just as important as component matching. Internal temperature compensation 
in bandgap voltage references lets them provide a temperature-independent voltage reference. Their 

output reference of ∼1.22V is the extrapolated Vbe at absolute zero (i.e., 0K or −273.15
◦
C). It is not a 

coincidence that the Silicon bandgap (i.e., the energy separating valence and conduction electron 
bands) is ∼1.22 eV. 

Temperature dependence and manufacturing variations (and the Early effect) are always a concern. 

 


